INTRODUCTION
Magnetic resonance sounding (MRS) is a highly attractive technique for the hydrogeophysicist due to its unique ability to provide non-invasive measurements of the groundwater content and the pore size distribution in the near surface down to a depth of ~100 m, (Hertrich, 2008) . The NMR signal from the water is however, inherently very weak and the NMR signal is overwhelmed by noise in all but quietest places. In the initial versions of MRS equipment, bandpass filtering, synchronous detection, figure 8 loop geometry and averaging of signal records was used to suppress noise (Legchenko and Valla 2002) . Later, multichannel instruments were developed; see e.g. Dluglosh et al. (2011) and Walsh (2008) .
With multichannel instruments, additional reference induction coils are used to measure the noise in the vicinity of the main coil. Under most circumstances, the noise in the reference coils and the noise in the main coil are correlated. The additional noise measurements can therefore be subtracted from the main coil measurement using Wiener filters or adaptive filters (Dalgaard et al. 2012) . The result is a noise reduced signal which can be further enhanced with averaging. Recently we demonstrated, (Larsen et al. 2013 ), a more advanced scheme where a modelbased signal processing approach is used to remove noise from powerlines prior to noise reduction with reference coils. Even with this approach MRS measurements are still prohibited by noise at many, if not most, important groundwater reservoirs in Denmark due to their vicinity to infrastructure emitting electromagnetic noise. There is thus a need for devising more efficient methods for field work and new generations of MRS hardware where noise is better suppressed.
In this paper we present an instrument developed for efficient mapping of electromagnetic noise at a given site prior to MRS measurements. We have found that an increased knowledge of the local noise conditions allows for the selection of the most optimum spots for MRS measurements where the disturbance by noise is at a minimum. In the most extreme cases the instrument has shown how, by moving the measurement site a few 100 meters, a MRS measurement which would have been impossible due to saturation of the MRS equipment becomes possible.
SUMMARY
The applicability of magnetic resonance sounding in mapping the water content and the hydrological properties of the sub-surface in industrialized areas is severely limited by electromagnetic noise. Efficient ways of mitigating the noise must be developed before the technique can become a ubiquitous tool. In this paper we demonstrate an instrument developed for efficient mapping of noise at a given site prior to a magnetic resonance sounding. The instrument consists of two small induction coils connected to a digital oscilloscope controlled by a PC. Using the instrument, measurements of the electromagnetic noise are easily performed at several places within the site. Signal processing of the measurements provide a quantified understanding of the contributions from different noise sources, primarily powerline harmonics and impulsive noise. Further the spatial distributions of the noise components are also obtained. Based on this knowledge the optimum spot for a magnetic resonance sounding with the least distortion by noise can be identified. The instrument is now in routine use at the Hydrogeophysics group at Aarhus University.
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METHOD AND RESULTS
A block diagram of the instrument, dubbed noiseCollector, is shown in Figure 1 . The core of the instrument is a 2 channel, 16 bit digital oscilloscope, Picoscope 4262 from Pico Technology. The noise signal is measured with two 10 m x 10 m, 7 turn induction coils with a bandwidth exceeding 100 kHz. The signals are amplified by a cascade of two amplifiers from Airborne Instruments, the first amplifier is attached directly after the coil and the second is placed within the box containing the oscilloscope. Typical cable lengths between the coils and the box are 25-50 m. In the box a 4 th order anti-aliasing lowpass filter with a cut-off frequency of 6 kHz is employed. The data acquisition is controlled from a standard PC. The data from the measurements are transferred to the pc for data analysis. The sampling frequency is normally set to 20 kHz, mimicking the 19.2 kHz sampling rate in the Numis Poly NMR instrument from IRIS Instruments. The voltage range of the oscilloscope can be adjusted to provide the highest possible resolution without saturation. The signal recorded in one of the two channels, w(k) can be divided into the sum of three main components as w(k)=h(k)+s(k)+n(k) where k denotes the sample number. The term h(k) denotes the noise originating from powerlines. This noise consist of a sinusoidal frequency with a frequency of 50 Hz and harmonics hereof. The second term s(k) denotes impulsive noise, called spikes. The main contribution to impulsive noise is from animal fences. These are easily identifiable by their recurrence every 1-2 seconds. The third component n(k) denotes any noise which is not due to powerlines or spikes, e.g. broadband noise in electronics.
The harmonic contribution to the noise measurements are easily identified by fitting a model of this kind of noise to the data as shown in Larsen et al. (2013) . If several types of harmonic noise are present as is the case in e.g. countries with electrical trains running on 1/3 of the mains frequency, the model can easily be extended to handle this situation. The noise contribution from spikes are identified with a semi-automatic approach procedure based on thresholding the data as described in Dalgaard et al. (2012) . The thresholds must normally be adjusted for each site investigated. Any signal in the noise measurements which is not identified as either due to harmonic interference or impulsive noise is classified as belonging to the third category n(k).
An example of the use of this kind of decomposition is shown in Figure 2 . To produce this figure, 38 measurements were performed over a 400 m x 400 m field outside of Aarhus, Denmark. The field is surrounded by several noise sources: A small village to the south, an electric fence in the northwest end, a house 400 meters further northeast and a high voltage powerline 1 km northwest.
For each measurement of 10 s duration the root-mean-square (RMS) value of the recorded signal w(k) was calculated after calibration of the data. A calibration of the data is necessary as the 38 measurements can't be performed simultaneously. The measurements are distorted by temporal variations in the noise which is normally present for measurements exceeding 1-2 s. To compensate for temporal variations a reference technique is employed where only one receiver coil is moved between two measurements. With this technique temporal variations in the noise field are compensated but any spatial variations over time will still affect the measurements. Figure 2 , panel A show the noise signal after calibration. The data points have been interpolated to produce the figure. It is evident that the level of the noise decreases as the distance to the village increases.
In panel B, the harmonic noise component, h(k) is extracted from each measurement and plotted separately. By comparing panel A and B it becomes clear that the major part of the noise plotted in panel A is due to the harmonic noise component from the village. In panel C the impulsive noise caused by spikes, s(k), have been extracted and plotted. Due to the impulsive character of this noise, the amplitude of the spikes is plotted instead of RMS values. The impulsive noise can be attributed to the electric fence at the northwest end of the field. Finally in panel D, the RMS value after removal of spikes and the harmonic noise component is plotted. From the plot it is evident that this noise component is much smaller than the harmonic noise component and that it also originates in the village. However, the noise stretches further west and north which is probably caused by a farm house located 200 m further north.
A full noise map comprising 38 measurements or more is time consuming and can easily take a day of field work. In practical field work, valuable information about the noise field can often be obtained with only three measurements. From three noise measurements estimates of the gradients of the noise components are found which in turn points in the direction of less noise.
It also interesting to note, that the use of two induction coils allows for a measurement of the correlation between the signals in the coils. This provides an estimate of the potential noise reduction with a multichannel MRS instrument.
CONCLUSIONS
We have presented an instrument designed as an aid to the geophysicist working with MRS. The instrument is used to map the noise environment at a site prior to MRS measurement. The software used together with the instrument is used to identify the different noise components that affect MRS measurements. With the instrument the most optimum site for MRS measurements, with respect to noise, is easily found. The instrument is today in routine use in the Hydrogeophysics Group at Aarhus University. The instrument further serves as an efficient test bed for development of MRS noise reduction algorithms.
Research through the program NiCA. A project searching to identify robust agricultural areas for which only a limited part of the nitrate leached from the root zone reaches streams.
